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A method of forming a contact hole of a semiconductor 

device that is able to prevent excessive etching of an 
interlayer dielectric pattern includes forming a gate pattern 
including a ?rst insulation layer pattern, a conductive layer 
pattern, a capping insulation layer pattern, and a second 
insulation layer pattern on a substrate; forming a spacer 
using an insulating material on a sidewall of the gate pattern; 
forming an interlayer dielectric on the substrate on Which the 
gate pattern and the spacer are formed; forming a contact 
hole and an interlayer dielectric pattern for exposing the 
substrate by etching the interlayer dielectric; forming a liner 
spacer on a sidewall of the spacer and the interlayer dielec 
tric pattern; and cleaning the resultant structure using a 
cleaning solution. The cleaning solution preferably includes 
includes oZone Water and hydrogen ?uoride 
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FIG. 1A 

(PRIOR ART) 

was 
A V A , ,‘\13o \ { \12O 

"\1o0 

140 

FIG. 1B 

(PRIOR ART) 
160 



Patent Application Publication Jun. 24, 2004 Sheet 2 0f 9 US 2004/0121590 A1 

FIG. 10 
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FIG. 1E 
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FIG. 2 
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FIG. 3A 
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FIG. 3C 
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FIG. SE 

300 260 

280 
251 

‘.241 }260 - ‘231 

W221 

200 



Patent Application Publication Jun. 24, 2004 Sheet 8 0f 9 US 2004/0121590 A1 

8a 28 ~? OZONE 32 26 

a4 24 ?\ 1 8 22 

f6 "' 



Patent Application Publication Jun. 24, 2004 Sheet 9 0f 9 US 2004/0121590 A1 

FIG. 5 

ETCHING AMouNToR) 
J} h b h U1 U'iUl U1 mc-oaooo'ru'bbabo'oiub'm (msmsamuvumawas SNIHCLLEI 
wwww.» 



US 2004/0121590 A1 

METHOD OF FORMING A CONTACT HOLE OF A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of form 
ing a contact hole of a semiconductor device. More particu 
larly, the present invention relates to a method of forming a 
contact hole of a semiconductor device that is able to reduce 
a generation of a defect due to an overetching of an 
interlayer dielectric layer during a cleaning process after the 
formation of the contact hole. 

[0003] 2. Description of the Related Art 

[0004] Recently, the design of semiconductor devices has 
made rapid progress as information media, such as comput 
ers, become Widely used. In particular, this progress has 
required semiconductor devices to function at a high oper 
ating speed and to have a large storage capacitance. In order 
to satisfy these requirements, semiconductor devices With 
increased density, reliability, and response time are under 
development. To increase an integration degree, a cell siZe 
should be reduced, and according to the reduction of the cell 
siZe, the siZe and margin of all types of patterns formed on 
a semiconductor substrate should similarly be reduced. On 
the other hand, the aspect ratio of each component compris 
ing the semiconductor device gradually increases. 

[0005] A polysilicon gate structure having a good electric 
characteristic, reliability and integration degree has been 
adopted as a driving device since the initial very large scale 
integration (VLSI). Therefore, the polysilicon gate structure 
has been largely advanced in an industrial ?eld, such as a 
large scale integration (LSI) for a micro-computer or a 
device of a high-density memory, and is Widely used in 
various ?elds today. Since the melting point of polysilicon 
is high, a self-align method can be applied during formation 
of a gate electrode along With a diffusion region of source 
and drain When using polysilicon. In addition, after pattern 
ing the gate electrode using polysilicon, a thermal oxidation 
of polysilicon also can be applied. Accordingly, damage 
generated at an edge portion of the gate electrode due to a 
reactive ion etching can be compensated. In addition, When 
an electric voltage is applied to the gate electrode, a high 
fringe electric ?eld at the edge portion of the gate electrode 
is loWered to increase reliability of the semiconductor 
device. 

[0006] HoWever, for minute devices having a design rule 
of about 1 pm or less, an effect of increasing an operating 
speed of the devices through the increasing of the integration 
degree is not obtainable for a polysilicon gate structure. In 
addition, an increase in a Wiring resistance through a reduc 
tion of the design rule and an increase in a signal transfer 
delay through the reduction of the Wiring pitch and the 
increase in the capacitance, become signi?cant issues. Fur 
ther, a device frequency characteristic is deteriorated 
because the polysilicon gate structure has a relatively high 
resistance as compared to other conductive materials. 

[0007] Accordingly, silicide compounds having similar 
characteristics With polysilicon While having a resistance ten 
times loWer than polysilicon and having a high melting point 
are applied as a neW material for forming a gate electrode. 
Typically, tungsten silicide is used as the silicide compound. 
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[0008] In addition, the design rule of recently developed 
and highly integrated semiconductor devices has been 
reduced to about 0.15 pm or less. In accordance With the 
reduction of the design rule, the siZe of a contact hole that 
is an electrically contacting portion to silicon is gradually 
reduced. A buried contact (BC) processing margin for an 
electrical contact of a storage node With a source/drain 
region of a transistor also is largely limited. Accordingly, a 
self-align method is Widely used in order to con?rm the BC 
processing margin. In addition, a spacer is formed on the 
sideWall portion of the gate electrode to prevent a contact 
betWeen the storage node and the gate electrode. HoWever, 
as the design rule is gradually reduced, the con?rmation of 
the BC processing margin becomes problematic. 

[0009] A conventional method of forming a contact hole 
of a semiconductor device by the self-align method Will noW 
be described With reference to the attached draWings in 
detail beloW. 

[0010] FIGS. 1A to 1E illustrate cross-sectional vieWs of 
stages in a conventional method of forming a contact hole of 
a semiconductor device according to the prior art. The 
folloWing is an example of a BC processing. 

[0011] Referring to FIG. 1A, a ?rst oxide layer 120 is 
formed on an active region of a semiconductor substrate 
100, such as a silicon substrate, using a thermal oxidation 
method. The semiconductor substrate 100 is divided into an 
active region and a ?eld region by a ?eld oxide layer 110 
having a thickness of about 1800-2000 Next, a conduc 
tive layer 130 and a capping insulation layer 140 are 
sequentially formed on the semiconductor substrate 100, on 
Which the ?rst oxide layer 120 is formed. The conductive 
layer 130 is either a doped polysilicon layer or a polycide 
layer. As the conductive layer 130, the polycide layer 
includes a doped olysilicon layer having a thickness of 
about 800-1200 A and a refractory metal silicide layer 
having a thickness of about 1300-1700 As the refractory 
metal silicide layer, a tungsten silicide (WSix) layer, a 
tantalum silicide (TaSi2) layer, a titanium suicide (TiSi2) 
layer, a cobalt silicide (CoSi2) layer, a molybdenum silicide 
(MoSi2) layer, or the like are Widely applied. 

[0012] The capping insulation layer 140 is preferably 
comprised of silicon nitride, Which has a high etching 
selectivity With respect to an oxide layer. As the capping 
insulation layer 140, the silicon nitride layer is formed by 
depositing a nitride compound such as silicon nitride (SiN) 
to a thickness of about 800-1200 A by means of a plasma 
enhanced chemical vapor deposition method (PE-CVD). 
The capping insulation layer 140 functions to protect the 
conductive layer 130 during the performance of subsequent 
etching and ion implantation processes. 

[0013] Asecond oxide layer 150 is formed on the capping 
insulation layer 140. The second oxide layer 150 is formed 
by depositing a hot temperature oxide (HTO), such as silicon 
oxide, to a thickness of about 800-1200 A by means of a loW 
pressure chemical vapor deposition method (LPCVD). The 
second oxide layer 150 functions as an etch stop during the 
subsequent performance of an etching process for forming a 
spacer. 

[0014] Referring to FIG. 1B, photoresist is coated on the 
second oxide layer 150 to form a photoresist layer. Next, a 
photoresist pattern (not shoWn) for forming a gate electrode 
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is formed by photolithography. Then, the second oxide layer 
150, the capping insulation layer 140, the conductive layer 
130 and the ?rst oxide layer 120 are continuously patterned 
using the photoresist pattern as an etching mask to form 
parallel gate patterns 160 having a gap therebetWeen on a 
predetermined region of the substrate. Each of the gate 
patterns 160 includes a subsequently integrated ?rst oxide 
layer pattern 121, conductive layer pattern 131, capping 
insulation layer pattern 141 and second oxide layer pattern 
151. The gate patterns 160 correspond to gate electrodes. 

[0015] Referring to FIG. 1C, silicon nitride is deposited 
on the entire surface of the semiconductor substrate 100, on 
Which the gate pattern 160 is formed, to form silicon nitride 
layer (not shoWn) as an insulation layer to a thickness of 
about 1200 Then, an etch-back process is carried out until 
an active region of the semiconductor substrate 100 is 
exposed thereby forming a spacer 170 on a sideWall portion 
of the gate pattern 160. 

[0016] During the etching to form the spacer 170, a 
surface portion of the semiconductor substrate is damaged. 
To cure the etching damage, a thermal oxidation is per 
formed at a predetermined temperature. At this time, a thin 
thermal oxide layer groWs betWeen the gate patterns 160 and 
on the surface of the semiconductor substrate 100. The 
thermal oxidation layer that is formed is called a MTO 
(medium temperature oxide). 
[0017] An ion implantation process is then performed to 
form a source/drain region (not shoWn) betWeen gate pat 
terns 160 and onto the semiconductor substrate 100 using 
the thin thermal oxide layer as a screen oxide layer. In order 
to perform the ion implantation, a region is masked to 
implant appropriate impurities into a desired region. Then, 
the impurities are implanted into the active region of the 
exposed semiconductor substrate 100 and a diffusion region 
of the source/drain of a transistor is formed. During the ion 
implantation, the gate electrode 160 and the spacer 170 
formed at the sideWall portion of the gate electrode 160 
function as the mask. 

[0018] Referring to FIG. 1D, an interlayer dielectric 180 
is formed on the semiconductor substrate 100 on Which the 
gate electrode 160 and the spacer 170 are formed. The 
interlayer dielectric 180 is formed by depositing materials 
having a good gap ?lling characteristic, such as silicon 
oxide, borophosphorous silicate glass (BPSG), phosphorous 
silicate glass (PSG), high density plasma (HDP) oxide, 
tetraethyl ortho silicate (TEOS), or the like by an LPCVD 
method or a PE-CVD method and then, planariZing the 
deposited material by a planariZing method such as a chemi 
cal mechanical polishing (CMP). Next, a photoresist pattern 
191 having a predetermined shape for patterning the inter 
layer dielectric and to form a contact hole is formed. 

[0019] Referring to FIG. 1E, the interlayer dielectric 180 
is etched using the photoresist pattern 191 as an etching 
mask to form an interlayer dielectric pattern 181, While 
exposing the substrate betWeen the gate patterns 160. That 
is, the source/drain region betWeen the gate patterns 160 is 
exposed to form a self-aligned contact hole 200. The etching 
of the interlayer dielectric is performed using a mixed gas 
including a gas having a high carbon/?uorine ratio, such as 
C3138, C4138, CO, or the like and by using an etching 
apparatus having a high ioniZation degree. 
[0020] Then, a conductive material is deposited on the 
substrate 100, on Which the interlayer dielectric pattern 181 
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including the contact hole 200 are formed, to form a contact 
or a storage node (not shoWn). 

[0021] After completing the formation of the contact hole 
by the anisotropic etching, a cleaning process is performed 
so that a subsequently deposited conductive material is able 
to form an ohmic contact With the substrate. This cleaning 
process is carried out to remove contaminants present on the 
substrate such as organic materials, particles, and the like 
and to remove a native oxide formed on the substrate. The 
native oxide is an oxide layer naturally formed during the 
exposure of the substrate to the atmosphere. 

[0022] As the integration degree of the semiconductor 
devices increases and as the design rule decreases, the 
interlayer dielectric is required to have greater gap ?lling 
characteristics. In addition, the margin required for accom 
plishing an insulated state betWeen the patterns is gradually 
reduced. Generally, BPSG is used for the formation of the 
interlayer dielectric after forming the gate. When forming 
the self-aligned contact (SAC) for connecting DC (direct 
contact) and BC (buried contact), the distance betWeen 
adjacent contact holes is too narroW and a cleaning is not 
suf?ciently performed before the deposition of a conductive 
material, such as polysilicon, for forming a pad. During 
cleaning, the interlayer dielectric as Well as the impurities 
are also etched by a cleaning solution. When the concen 
tration of boron and phosphorus is high in the BPSG 
(borophosphorous silicate glass), a high re?oWing property 
is obtained and the gap ?lling characteristic is improved. 
HoWever, since the etching characteristic of the cleaning 
solution is also improved, the concentration of boron and 
phosphorus is not able to be suf?ciently increased. 

[0023] As a result, the siZe of the interlayer dielectric 
pattern represented by distance “a” in FIG. 1E decreases, 
and the interlayer dielectric pattern might be lost by 
overetching of the interlayer dielectric layer pattern during 
cleaning, thereby subsequently generating a bridge. Accord 
ingly, a suf?cient cleaning is not able to be performed in 
vieW of the above-described problem and so a defect, such 
as a single bit failure, may be created. 

[0024] For cleaning a contact hole during the manufacture 
of a semiconductor device, various methods of removing 
organic materials and inorganic materials, such as metallic 
residues including a native oxide layer, an oxide layer, 
contaminants, and the like are combined. Atypical conven 
tional cleaning method WinnoW be described. 

[0025] First, the substrate is cleaned using piranha, Which 
is a sulfuric acid solution obtained by mixing sulfuric acid 
and hydrogen peroxide or standard cleaning solution-1 (SC 
1), Which is an ammonia solution obtained by mixing 
aqueous ammonia, hydrogen peroxide and pure Water. 
Through this cleaning, particles and organic materials are 
removed. Then, the substrate is rinsed using a quick dump 
rinse (QDR) method. 

[0026] Second, the substrate is cleaned using a hydrogen 
?uoride-containing solution or a buffered oxide etching 
(BOE) solution to remove the oxide layer and then rinsed 
using de-ioniZed Water and by applying an over-?oWing 
method. 

[0027] Third, the substrate is cleaned using a hydrochloric 
acid solution obtained by mixing hydrochloric acid, hydro 
gen peroxide and pure Water, to remove inorganic materials. 
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Recently, this third step of the cleaning may be omitted in 
some instances as the purity of the chemicals used has 
improved. After completing the cleaning, the substrate is 
dried using a dryer. 

[0028] Disadvantageously, a large amount of chemicals 
are consumed in the conventional cleaning process as 
described above and the cleaning requires a long time. In 
addition, as the siZe of a Wafer increases, the siZe of the 
cleaning apparatus must also increase, Which then occupies 
a large area Within a cleaning room, thereby loWering 
productivity. 
[0029] Further, according to the conventional cleaning 
method of the contact hole, a native oxide layer groWs in the 
chemical material to a thickness of about 10 A because the 
organic and inorganic material present on the surface of the 
contact hole is removed using a sulfuric acid solution at a 
high temperature of about 130° C. Therefore, the perfor 
mance time for the cleaning process to remove the native 
oxide through dipping into the hydrogen ?uoride solution or 
BOE solution should be increased. As a result of this 
increase in dipping time, the loss of the interlayer dielectric 
layer pattern formed as the sideWalls of the contact hole 
becomes severe. 

[0030] An electric insulation might be broken betWeen a 
?rst polysilicon layer for a gate electrode and a second 
polysilicon layer for a bit line, betWeen a ?rst polysilicon 
layer for a gate electrode and a third polysilicon layer for a 
storage node, and betWeen a second polysilicon layer for a 
bit line and a third polysilicon layer for a storage electrode, 
thereby deteriorating device characteristics. 
[0031] Recently, after removing the organic and inorganic 
material, a diluted HF (DHF) solution has been Widely used 
to completely remove the native oxide layer in a short time 
and to minimiZe the loss of the sideWall forming the contact 
hole. The DHF solution is a cleaning solution obtained by 
mixing Water and hydrogen ?uoride in a mixing ratio of 
about 200:1 by volume. The DHF solution is effective for 
removing the native oxide formed on a bottom portion of the 
contact hole and particles present in the contact hole. HoW 
ever, since the DHF solution also has a high etching selec 
tivity With respect to BPSG, an application of a DHF 
solution in the manufacture of a minute device is not 
advantageous. 
[0032] FIG. 2 is a graph illustrating an etching amount 
(i.e., an etched amount) of SiN and BPSG and an etching 
ratio betWeen SiN and BPSG during the performance of a 
cleaning process using a DHF solution after the formation of 
a contact hole. Line a represents an etched amount of SiN, 
line c represents an etched amount of BPSG and line b 
represents an etching ratio of BPSG/SiN. 

[0033] Referring to FIG. 2, the etching amounts of both 
SiN and BPSG increase When cleaning time increases. 
HoWever, the etching amount of BPSG increases at an even 
higher ratio than SiN. Further, When comparing the etching 
amount of BPSG With SiN, BPSG is etched faster than SiN 
by about 21.3-26.7 times. Through this analysis, it may be 
determined that the BPSG forming the interlayer dielectric 
is excessively etched by a hydrogen ?uoride cleaning solu 
tion. 

SUMMARY OF THE INVENTION 

[0034] The present invention has been made in an effort to 
solve the aforementioned problems, and a feature of an 
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embodiment of the present invention is to provide a method 
of forming a contact hole of a semiconductor device that is 
able to prevent excessive etching of an interlayer dielectric 
material, such as BPSG. 

[0035] Another feature of an embodiment of the present 
invention is to provide a method of forming a contact hole 
using a cleaning solution, Which is able to inhibit excessive 
etching of an interlayer dielectric pattern to prevent a 
generation of a defect. 

[0036] To provide the above feature, there is provided in 
the present invention a method of forming a contact hole of 
a semiconductor device including forming a gate pattern 
including a ?rst insulation layer pattern, a conductive layer 
pattern, a capping insulation layer pattern, and a second 
insulation layer pattern on a substrate; forming a spacer 
using an insulating material on a sideWall of the gate pattern; 
forming an interlayer dielectric on the substrate on Which the 
gate pattern and the spacer are formed; forming a contact 
hole and an interlayer dielectric pattern for exposing the 
substrate by etching the interlayer dielectric; forming a liner 
spacer on a sideWall of the spacer and the interlayer dielec 
tric pattern; and cleaning the resultant structure using a 
cleaning solution. 

[0037] Preferably, forming the liner spacer includes form 
ing a liner layer by depositing a liner material on the 
substrate on Which the contact hole and the interlayer 
dielectric pattern are formed; and performing an etch-back 
process. The liner spacer may include a nitride or an oxide. 
The preferred nitride is SiN and the preferred oxide is HTO 
(hot temperature oxide). Preferably, the liner material is 
deposited to a thickness of about 70-85A. 

[0038] The liner spacer may be removed by the cleaning 
and an ion implantation process may be further implemented 
onto an exposed substrate after forming the liner spacer. 

[0039] The cleaning solution applied after forming the 
contact hole preferably includes oZone Water and hydrogen 
?uoride In particular, the oZone Water preferably 
includes oZone in a concentration of about 1-100 ppm and 
hydrogen ?uoride is preferably a diluted hydrogen ?uoride 
solution in Water having a concentration of about 50%. More 
preferably, a cleaning solution including both of the oZone 
Water and hydrogen ?uoride in a mixing ratio of about 
50:1-2000:1 by volume is used. Further, it is preferable that 
an etching selectivity of the cleaning solution onto BPSG 
With respect to SiN is about 5 or less. 

[0040] The cleaning may be performed by repeating, one 
to three times, a cycle of applying a ?rst cleaning solution 
including oZone Water and a second cleaning solution 
including hydrogen ?uoride At this time, the ?nal step 
of the cleaning is preferably performed using the second 
cleaning solution including hydrogen ?uoride. 

[0041] Preferably, the interlayer dielectric comprises at 
least one material selected from the group consisting of 
BPSG (borophosphorous silicate glass), PSG (phosphorous 
silicate glass), TEOS (tetraethyl ortho silicate) and HDP 
(high density plasma) oxide. 

[0042] The above feature of an embodiment of the present 
invention may also be provided by a method of forming a 
contact hole of a semiconductor device including forming a 
gate pattern including a ?rst insulation layer pattern, a 
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conductive layer pattern, a capping insulation layer pattern, 
and a second insulation layer pattern on a substrate; forming 
a spacer using an insulating material on a sideWall of the 
gate pattern; forming an interlayer dielectric on a ?rst 
resultant structure; forming a contact hole and an interlayer 
dielectric pattern for exposing the substrate by etching the 
interlayer dielectric using a predetermined mask; and clean 
ing a second resultant structure using a cleaning solution 
including oZone Water and hydrogen ?uoride 

[0043] According to the present invention, a minute con 
tact hole is formed in an interlayer dielectric and then a liner 
layer is formed to prevent an etching of an interlayer 
dielectric pattern during a subsequent cleaning process. 
Alternately, suf?cient cleaning of a contact hole is per 
formed using a mixed solution of oZone Water and hydrogen 
?uoride Without generating any damage to an interlayer 
dielectric pattern formed betWeen adjacent contact holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] The above and other features and advantages of the 
present invention Will become more apparent to those of 
ordinary skill in the art by describing in detail preferred 
embodiments thereof With reference to the attached draW 
ings in Which: 

[0045] FIGS. 1A to IE illustrate cross-sectional vieWs of 
stages in a conventional method of forming a contact hole of 
a semiconductor device according to the prior art; 

[0046] FIG. 2 is a graph for illustrating an etching amount 
of SiN and BPSG and an etching ratio betWeen SiN and 
BPSG during performance of a cleaning process using a 
diluted HF solution after the formation of a contact hole; 

[0047] FIGS. 3A to 3E illustrate cross-sectional vieWs of 
stages in a method of forming a contact hole of a semicon 
ductor device according to a preferred embodiment of the 
present invention; 

[0048] FIG. 4 is a schematic diagram of an apparatus of 
preparing oZone Water by an electrolytic analysis; and 

[0049] FIG. 5 is a graph for illustrating an etching amount 
of SiN and BPSG and an etching ratio betWeen SiN and 
BPSG during the performance of a cleaning process accord 
ing to an embodiment of the present invention using a mixed 
solution of oZone-Water and a diluted HF solution after the 
formation of a contact hole. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] Korean Patent Application No. 2002-39816, ?led 
on Jul. 9, 2002, and entitled: “Method of Forming a Contact 
Hole of a Semiconductor Device,” is incorporated by ref 
erence herein in its entirety. 

[0051] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. The invention may, hoWever, be embodied in dif 
ferent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention 
to those skilled in the art. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. It Will also be 
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understood that When a layer is referred to as being “on” 
another layer or substrate, it can be directly on the other 
layer or substrate, or intervening layers may also be present. 
Like numbers refer to like elements throughout. 

[0052] FIGS. 3A to 3E illustrate cross-sectional vieWs of 
stages in a method of forming a contact hole of a semicon 
ductor device according to a preferred embodiment of the 
present invention. The folloWing embodiment is illustrated 
as a BC process and incorporates similar process steps as 
described in connection With FIGS. 1A-1C. 

[0053] Referring to FIG. 3A, gate patterns 260 are formed 
on a semiconductor substrate 200 that is divided into an 
active region and a ?eld region by a ?eld oxide layer 210. 
Aspacer is formed on the sideWall portion of the gate pattern 
260 by the method described With reference to FIGS. 
1A-1C. 

[0054] The gate patterns 260 are formed to have a prede 
termined gap therebetWeen on a predetermined region of a 
substrate by continuously patterning integrated layers of a 
second oxide layer, a capping insulation layer, a conductive 
layer and a ?rst oxide layer. Each of the gate patterns 260 
includes subsequently integrated layer patterns of a ?rst 
insulation layer pattern 221, a conductive layer pattern 231, 
a capping insulation layer pattern 241 and a second insula 
tion layer pattern 251. Each of the gate patterns 260 corre 
sponds to each gate electrode. Preferably, the ?rst insulation 
layer pattern 221 and the second insulation layer pattern 251 
are oxides patterns. 

[0055] In order to form the spacer 270, silicon nitride is 
deposited on the entire surface of the substrate to form a 
silicon nitride layer (not shoWn) as an insulation layer. Then, 
an etch-back process is performed on the silicon nitride layer 
until the active region of the semiconductor substrate 200 is 
exposed. 
[0056] During the etching to form the spacer 270, a 
surface portion of the semiconductor substrate becomes 
damaged. To cure the etching damage, a thermal oxidation 
is performed at a predetermined temperature. At this time, a 
thin thermal oxide layer groWs betWeen the gate patterns 260 
and on the surface of the semiconductor substrate 200. This 
thin thermal oxide layer is called an MTO. 

[0057] Subsequently, an ion implantation process is per 
formed to form a source/drain region (not shoWn) betWeen 
gate patterns 260 and onto the semiconductor substrate 200 
using the thin thermal oxide layer as a screen oxide layer. In 
order to perform the ion implantation, a region is masked to 
implant appropriate impurities into a desired region of the 
substrate 200. Then, the impurities are implanted into the 
active region of the exposed semiconductor substrate 200 
and a diffusion region of the source/drain of a transistor is 
formed. During the ion implantation, the gate pattern 260 
and the spacer 270 formed at the sideWall of the gate pattern 
260 function as a mask. Alternatively, the ion implantation 
may be performed at a later stage in the process, i.e., after 
formation of a liner spacer, as Will be subsequently 
described. 

[0058] Thereafter, an interlayer dielectric 280 is formed on 
the semiconductor substrate 200 on Which the gate pattern 
260 and the spacer 270 are formed. The interlayer dielectric 
280 is formed by depositing materials having a good gap 
?lling characteristic such as silicon oxide, BPSG (borophos 



US 2004/0121590 A1 

phorous silicate glass), PSG (phosphorous silicate glass), 
HDP (high density plasma) oxide, TEOS (tetraethyl ortho 
silicate), or the like by a LPCVD method or a PE-CVD 
method. Then, the deposited material is planariZed by a 
planariZing method, such as CMP. Next, a photoresist pat 
tern (not shoWn) having a predetermined shape for pattern 
ing the interlayer dielectric to form a contact hole is formed. 

[0059] Referring to FIG. 3B, the interlayer dielectric 280 
is etched using the photoresist pattern as an etching mask to 
form an interlayer dielectric pattern 281, While exposing the 
substrate betWeen the gate patterns 260. That is, the source/ 
drain region betWeen the gate patterns 260 is exposed to 
form a self-aligned contact hole 300. The etching of the 
interlayer dielectric is performed using a mixed gas includ 
ing a gas that has a high carbon/?uorine ratio, such as C3138, 
C4138, CO, or the like and by using an etching apparatus 
having a high ioniZation degree. 

[0060] During the etching to form the contact hole 300, a 
surface portion of the semiconductor substrate is damaged. 
To cure the etching damage, a thermal oxidation is applied 
at a predetermined temperature. At this time, a thin thermal 
oxide layer groWs betWeen the spacers 270 and on the 
surface of the semiconductor substrate 200. This thin ther 
mal oxide layer is called an MTO. 

[0061] Referring to FIG. 3C, silicon nitride is preferably 
deposited on the entire surface of the substrate on Which the 
interlayer dielectric pattern 281 and the contact hole 300 are 
formed to a thickness of about 70-85 A, preferably about 78 
A, by means of an LPCVD method to form a liner layer 310. 
Alternately, the liner layer may be a nitride or an oxide. 
Preferably, the nitride is silicon nitride and the oxide is a hot 
temperature oxide (HTO). 

[0062] Referring to FIG. 3D, an etch-back process is 
performed on the liner layer 310 to form liner spacers 311a 
and 311b of SiN on the sideWall portion of the spacer 270 
and the interlayer dielectric pattern 281, respectively. 
Through the etch-back process, the MTO is also removed. 

[0063] According to a preferred embodiment of the 
present invention, the etching amount of the interlayer 
dielectric pattern 281 during subsequent cleaning process 
may be reduced by forming the liner spacer 311 after 
forming the contact hole 300 and the interlayer dielectric 
pattern 281. Further, other advantages are obtained from the 
formation of the liner spacer. Speci?cally, the liner spacer 
311a formed on the sideWall portion of the spacer 270 
narroWs an exposed area of the substrate betWeen the 
spacers 270. After forming the spacer 270, an ion implan 
tation may be performed to reduce a contact resistance of a 
subsequently deposited conductive material With the sub 
strate. That is, the ion implantation is performed before 
formation of a plug. In an alternate embodiment, as men 
tioned above, this ion implantation may be performed after 
the formation of the liner spacer 311. In this case, the ions 
Will be implanted onto a narroWed region, thus a diffusion 
region Within a designated region is advantageously formed. 
Therefore, a device having an improved quality can be 
formed When the ion implantation is performed after the 
formation of the liner spacer. 

[0064] A cleaning process may then be carried out Without 
performing the etch-back process onto the liner layer, hoW 
ever, the etch-back process is preferably carried out to form 
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the liner spacer for removing the MTO and exposing the 
substrate for the ion implantation. 

[0065] Referring to FIG. 3E, a cleaning process of the 
contact hole using a cleaning solution is carried out. The 
cleaning process removes organic materials, metallic impu 
rities, native oxide, and the like. In addition, the liner spacers 
311a and 311b formed on the sideWall portion of the spacer 
270 and the interlayer dielectric pattern 281, respectively, 
are removed. The cleaning is a type of Wet etching. For the 
cleaning, the device is dipped into the cleaning solution and 
an isotropic etching occurs. During the cleaning, the liner 
spacer 311b formed on the sideWall portion of the interlayer 
dielectric pattern 281 is also removed. Thus, the interlayer 
dielectric pattern is protected and the distance designated by 
“b” can be advantageously maintained. According to this 
method, the cleaning at the bottom portion of the contact 
hole, that is, at the surface of the substrate, is improved, 
While the etching of the interlayer dielectric pattern is 
minimiZed. The dipping time of the device into the cleaning 
solution is determined by observation of the removal of the 
liner spacer. From the result of this observation, an end point 
of the cleaning is determined to control the dipping time. 

[0066] Subsequently, a conductive material is deposited 
onto the entire surface of the substrate 200 on Which the 
interlayer dielectric pattern 281 including the contact hole 
300 is formed to form a contact or a storage node (not 

shoWn). 
[0067] After completing the formation of the contact hole 
by means of an anisotropic etching and forming the liner 
spacer, the cleaning process is performed to facilitate an 
ohmic contact. Then, contaminants such as organic materi 
als, particles, and the like are removed and the native oxide 
formed on the substrate is also removed. 

[0068] As for the cleaning solution, the conventionally 
used hydrogen ?uoride cleaning solution, that is, a mixed 
solution of Water and hydrogen ?uoride in a mixing ratio of 
about 200:1 by volume, can be used in the case Where the 
liner spacer has been formed. It is preferred, hoWever, that 
even if the liner spacer is formed a mixed solution including 
oZone Water With hydrogen ?uoride is used as the cleaning 
solution. 

[0069] The preferred cleaning solution used in connection 
With an embodiment of the present invention includes oZone 
Water and hydrogen ?uoride The preferred oZone 
Water includes oZone in a concentration of about 1-100 ppm 
and hydrogen ?uoride is preferably used as a diluted hydro 
gen ?uoride in Water With a concentration of about 50%. 
Moreover, the preferred mixing ratio of the oZone Water and 
hydrogen ?uoride is in a range of about 50:1-2000:1 by 
volume. An etching selectivity of the prepared cleaning 
solution onto BPSG With respect to SiN is about 5 or less. 
Therefore, excessive etching of the interlayer dielectric 
pattern is prevented during the cleaning process. 

[0070] Among the components of the cleaning solution, 
oZone has a good ability to remove contaminants present on 
a surface of a substrate. Particularly, organic materials and 
metallic oxides are advantageously removed. OZone is a 
strong oxidiZing agent and has an a?inity to environments. 
HoWever, penetration of oZone into the substrate is di?icult. 
.On the contrary, hydrogen ?uoride etches silicon and oxides 
thereof to remove silicon Without difficulty. Accordingly, a 



US 2004/0121590 A1 

mixture obtained by the combining tWo compounds is able 
to advantageously remove various kinds of contaminants. 

[0071] Removal of organic materials by oZone is consid 
ered through an oxidation and decomposition process using 
active radicals produced through a decomposition of oZone 
and a direct reaction of oZone With the organic materials. 
The production of the active radicals from oZone is accom 
plished by the folloWing reactions. 

[0072] The decomposition of the organic materials 
through the decomposition reaction by oZone occurs folloW 
ing the reaction mechanism beloW. 

O3+organic material (polymer)—>CO2+H2O (6) 

[0073] In addition, surface oxidation reactions by the 
oxidation of oZone and an oxide etching reaction by hydro 
gen ?uoride occur as folloWs. 

O3+M(surface)—>MOX+O2 (7) 
SiO2+6HF—>H2SiF6+2HO2 (8) 

[0074] In the cleaning process, a layer-by-layer oxidation/ 
etching reaction is accomplished and various types of con 
taminants are advantageously removed. 

[0075] According to another embodiment of the present 
invention, the cleaning solution may actually comprise tWo 
separate cleaning solutions. More speci?cally, a ?rst clean 
ing solution including oZone Water and a second cleaning 
solution including hydrogen ?uoride may be alternately 
applied to perform the cleaning process. When one appli 
cation of each of the tWo cleaning solutions is set as one 
cycle, the cleaning process is accomplished by repeating the 
cycle betWeen one and three times. Treatment using the 
second cleaning solution, including hydrogen ?uoride, is 
preferably the ?nal step of the cleaning. When the ?nal step 
is performed using the hydrogen ?uoride cleaning solution, 
the substrate becomes hydrophobic, hoWever, When the ?nal 
step is performed using the oZone Water cleaning solution, 
the substrate becomes hydrophilic. When considering sub 
sequently deposited polysilicon for forming a pad, a hydro 
phobic substrate is preferable. Further, the ?nal step is 
preferably performed using the hydrogen ?uoride cleaning 
solution to remove a native oxide layer or a chemically 
formed oxide layer. 

[0076] The oZone Water applicable for the preparation of 
the cleaning solution used in the present invention may be 
produced by various methods. In the present invention, the 
folloWing exemplary apparatus for preparing oZone Water 
using an electrolytic analysis system Was used. 

[0077] FIG. 4 is a schematic diagram of an apparatus for 
preparing oZone Water by an electrolytic analysis. First, 
oZone is produced by an electrolytic analysis of pure Water. 
At both sides of a solid polymer electrolyte 10, a positive 
electrode 12 and a negative electrode 14 are provided. When 
a direct current source 16 is connected to the electrodes, pure 
Water 18 is electrolytically analyZed. At the positive elec 
trode 12, the folloWing reactions described by equations (9) 
and (10) occur to produce oxygen gas and oZone gas. At the 
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negative electrode 14, the folloWing reaction described in 
equation (11) occurs to produce hydrogen gas. 

[0078] Thus produced oxygen gas and oZone gas are 
introduced into an apparatus of preparing oZone Water 20. 
The apparatus of preparing oZone Water 20 includes a 
plurality of holloW membrane ?lters 26 into Which pure 
Water 18 is injected through a liquid injecting portion 22 and 
a chamber 28. Through an air injecting portion 30 formed at 
one side of the chamber 28, oxygen gas and oZone gas are 
injected. A portion of the gas injected into the chamber 28 
is dissolved into pure Water ?oWing Within the plurality of 
holloW membrane ?lters 26, and the remaining injected gas 
is exhausted out through an exhausting portion 32. OZone 
Water 34 is exhausted out through a liquid exhausting 
portion 24. The oZone Water used for the preparation of the 
cleaning solution of the present invention preferably 
includes oZone in a concentration range of about 1-100 ppm. 
When the concentration of oZone is less than 1 ppm, a 
suf?cient cleaning is dif?cult to accomplish and When the 
concentration of oZone exceeds 100 ppm, a defect due to 
excessive etching is generated. Accordingly, oZone Water 
having an appropriate oZone concentration should be pre 
pared by monitoring the concentration of oZone. 

[0079] As described above, the cleaning process may be 
performed by alternately applying a prepared ozone Water 
and hydrogen ?uoride cleaning after forming the liner 
spacer, or it may be performed by applying a mixed cleaning 
solution of oZone Water and diluted hydrogen ?uoride in 
Water having a concentration of about 50%, in a mixing ratio 
of about 50:1-2000:1 by volume. 

[0080] FIG. 5 is a graph for illustrating an etching amount 
(i.e., an etched amount) of SiN and BPSG and an etching 
ratio betWeen the tWo during performance of a cleaning 
process using a mixed solution of oZone-Water and a diluted 
HF solution after forming a contact hole. In FIG. 5, line a 
represents an etching amount of SiN, line c represents an 
etching amount of BPSG and line b represents an etching 
ratio of BPSG/SiN. 

[0081] Referring to FIG. 5, the etching selectivity of the 
cleaning solution of the present invention onto BPSG is still 
higher as compared to SiN. HoWever, the etching selectivity 
is about 4.3-4.8 and FIG. 5 shoWs a much loWer etching 
ratio of BPSG as comparing to the result illustrated in FIG. 
2. 

[0082] Excessive etching of the interlayer dielectric pat 
tern may be prevented through formation of a liner spacer 
and/or use a neWly prepared cleaning solution according to 
an embodiment of the present invention. The method of 
forming a contact hole of the present invention has been 
explained With reference to a method for forming BC, 
hoWever, the present invention can be applied to various 
methods of forming a contact hole including BC, DC, and 
the like Without exception. 

[0083] As described above, the etching of the interlayer 
dielectric pattern during cleaning process may be prevented 
When a liner spacer is formed on the sideWall portion of a 
spacer and an interlayer dielectric after formation of a 
contact hole, according to the present invention. Accord 
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ingly, a suf?cient cleaning may be accomplished before 
depositing a conductive layer. In addition, a generation of a 
bridge due to a narroW gap betWeen adjacent contact holes 
during the manufacturing of a minute device may be reduced 
to decrease a generation of a device defect. 

[0084] Further, since the cleaning solution applied after 
the formation of a contact hole includes oZone Water and 
aqueous hydrogen ?uoride, contaminating materials and 
oxides may be effectively removed, While loWering the 
etching selectivity onto BPSG. Accordingly, the loss of the 
interlayer dielectric made of BPSG during the cleaning is 
prevented and a reduction of a contact resistance and an 
improvement of a refresh characteristic may be achieved. 

[0085] Preferred embodiments of the present invention 
have been disclosed herein and, although speci?c terms are 
employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it Will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made Without departing from the spirit and 
scope of the present invention as set forth in the folloWing 
claims. 

What is claimed is: 
1. A method of forming a contact hole of a semiconductor 

device comprising: 

forming a gate pattern, including a ?rst insulation layer 
pattern, a conductive layer pattern, a capping insulation 
layer pattern, and a second insulation layer pattern, on 
a substrate; 

forming a spacer using an insulating material on a side 
Wall of the gate pattern; 

forming an interlayer dielectric on the substrate on Which 
the gate pattern and the spacer are formed; 

forming a contact hole and an interlayer dielectric pattern 
for exposing the substrate by etching the interlayer 
dielectric; 

forming a liner spacer on a sideWall of the spacer and the 
interlayer dielectric pattern; and 

cleaning the resultant structure using a cleaning solution. 
2. A method of forming a contact hole of a semiconductor 

device as claimed in claim 1, Wherein forming the liner 
spacer comprises: 

forming a liner layer by depositing a liner material on the 
substrate on Which the contact hole and the interlayer 
dielectric pattern are formed; and 

performing an etch-back process. 
3. Amethod of forming a contact hole of a semiconductor 

device as claimed in claim 1, Wherein the liner spacer 
comprises a nitride or an oxide. 

4. Amethod of forming a contact hole of a semiconductor 
device as claimed in claim 3, Wherein the nitride is SiN and 
the oxide is HTO (hot temperature oxide). 

5. Amethod of forming a contact hole of a semiconductor 
device as claimed in claim 2, Wherein the liner material is 
deposited to a thickness of about 70-85 

6. Amethod of forming a contact hole of a semiconductor 
device as claimed in claim 1, Wherein the liner spacer is 
removed by the cleaning. 
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7. A method of forming a contact hole of a semiconductor 
device as claimed in claim 1, further comprising: 

performing an ion implantation process on an exposed 
portion of the substrate after forming the liner spacer. 

8. A method of forming a contact hole of a semiconductor 
device as claimed in claim 1, Wherein the cleaning solution 
includes oZone Water and hydrogen ?uoride 

9. A method of forming a contact hole of a semiconductor 
device as claimed in claim 8, Wherein the oZone Water 
includes oZone in a concentration of about 1-100 ppm. 

10. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 8, Wherein the hydrogen 
?uoride is a diluted hydrogen ?uoride solution in Water With 
a concentration of about 50%. 

11. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 8, Wherein the cleaning 
solution includes the oZone Water and the hydrogen ?uoride 
in a mixing ratio of about 50:1-2000:1 by volume. 

12. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 8, Wherein an etching selec 
tivity of the cleaning solution onto BPSG With respect to SiN 
is about 5 or less. 

13. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 1, Wherein the cleaning is 
performed by repeating, one to three times, a cycle of 
applying a ?rst cleaning solution including oZone Water and 
a second cleaning solution including hydrogen ?uoride 

14. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 13, Wherein a ?nal step of the 
cleaning is performed using the second cleaning solution. 

15. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 1, Wherein the interlayer 
dielectric comprises at least one material selected from the 
group consisting of BPSG (borophosphorous silicate glass), 
PSG (phosphorous silicate glass), TEOS (tetraethyl ortho 
silicate) and HDP (high density plasma) oxide. 

16. A method of forming a contact hole of a semiconduc 
tor device comprising: 

forming a gate pattern including a ?rst insulation layer 
pattern, a conductive layer pattern, a capping insulation 
layer pattern, and a second insulation layer pattern on 
a substrate; 

forming a spacer using an insulating material on a side 
Wall of the gate pattern; 

forming an interlayer dielectric on a ?rst resultant struc 

ture; 

forming a contact hole and an interlayer dielectric pattern 
for exposing the substrate by etching the interlayer 
dielectric using a predetermined mask; and 

cleaning a second resultant structure using a cleaning 
solution including oZone Water and hydrogen ?uoride 

17. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein the oZone Water 
includes oZone in a concentration of about 1-100 ppm. 

18. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein the hydrogen 
?uoride is a diluted hydrogen ?uoride solution in Water With 
a concentration of about 50%. 
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19. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein the cleaning 
solution includes the oZone Water and the hydrogen ?uoride 
in a mixing ratio of about 50:1-2000:1 by volume. 

20. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein an etching 
selectivity of the cleaning solution onto BPSG With respect 
to SiN is about 5 or less. 

21. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein the cleaning is 
performed by repeating, one to three times, a cycle of 
applying a ?rst cleaning solution including oZone Water and 
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a second cleaning solution including hydrogen ?uoride 

22. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 21, Wherein a ?nal step of the 
cleaning is performed using the second cleaning solution. 

23. A method of forming a contact hole of a semiconduc 
tor device as claimed in claim 16, Wherein the interlayer 
dielectric is formed of at least one material selected from the 
group consisting of BPSG (borophosphorous silicate glass), 
PSG (phosphorous silicate glass), TEOS (tetraethyl ortho 
silicate) and HDP (high density plasma) oxide. 

* * * * * 


